The present paper deals with the experimental results of a study on pterine reductase acting on the step leading from dihydropterin to tetrahydropterin and on the maternal effect of the +Zem gene upon this enzyme. 
Materials and Methods
Normal (-Hem/+cem), lemon (lem/lem) and lethal lemon strains (+t""/lemt, lem/lem:) of the silkworm were used as materials.
The experimental results of sib-matings and of crosses between two of those strains were described in a previous paper (Tsujita 1955) .
Various tissues taken from larvae, pupae and imagoes were used as materials. 0.6-1.0g of fresh tissue was mixed with a phosphate buffer solution three times the tissue weight, homogenized under ice cooling and centrifuged at 12,00018,000 r.p.m., according to the nature of the tissue cells. The supernatant was used as a crude enzyme solution. When it was dialyzed for one night, its enzyme activity often decreased to some extent.
A large amount of fresh material has to be used for the purification of the enzyme and it takes one day for the procedures such as dialysis and condensation with ammonium sulphate. Therefore, the use of crude enzyme solution is by far preferable for the comparison of its activity among various tissues to the use of purified enzyme solution.
The yellow pigment, purified sepiapterin , from the sepia strain of Drosophila melanogaster was used as substrate. The reaction rate was determined by measuring with Beckman's spectrophotometer every ten minutes the decreasing amount of yellow pigment .
Experimental results

Nature of pterine reductase
The reductase is very unstable at high temperatures. The rise of temperature during the treatment of materials such as homogenization and the following procedures markedly effects enzyme activity. The enzyme can be destroyed by exposing it to high temperatures of 50-60°C. On the contrary, the enzyme is relatively stable at low tem• perature.
When the enzyme solution is stored for one day at 0°C its activity is hardly reduced.
Neither is it changed by treatment with aceton powder . In order to compare the folic acid reductase contained in chicken liver with pterine reductase from the silkworm, the former was homogenized with phosphate buffer solution under ice cooling and centrifuged.
When the supernatant was used as crude enzyme solution the same action of the yellow pigment as that of pterine reductase was observed.
Therefore, it seems that the folic acid reductase studied by Zakrzewski (1959) and the pterine reductase described in this paper are similar.
Detection of pterine reductase in various tissues of normal and mutant strains Enzyme activity of various tissues of normals and mutants was measured. The result obtained from the integument in the normal 5th instar larvae is given in Fig.  2 . As this figure shows, there is little difference in enzyme activity between the strain with the genotype +dem/+tem and the strain with the genotype +1em/lem. and male and female genital organs including testes and ovarian tubules but also in the body fluid. Among various tissues, adipose tissues showed the strongest enzyme action. This can be seen in Fig. 3 . On the contrary, no enzyme activity could be detected in several tissues of larvae, pupae and adults of lemon. However, as adipose tissue and integument exhibit a weak or very weak enzyme activity ( Fig. 3.) , it seems that a small amount of the enzyme can be produced in some tissues of the lemon individuals.
In the integument and in several tissues of the lethal lemon larvae immediately after the first moult no enzyme activity could be detected.
An example of the experimental results for the integument of the lethal lemon larvae is given in Fig. 4 . Therefore, it appears that in this mutant enzyme activity is almost completely lacking .
From these experimental results it may be safely concluded that the accumulation of the yellow pigment in the hypodermis of lemon and lethal lemon larvae is due to low activity or inactivity of the enzyme controlled by the +1em gene.
Maternal effects of +Zem on pterine reductase
Maternal effects of +1114 on the amount of isoxanthopterin were demonstrated in Table 2 . Activity of pterine reductase in several tissues of silkworm pupa a previous paper (Tsujita and Sakaguchi 1959) . As materials were used eggs of +te'14, lem and their reciprocal hybrids, and eggs of +`em/leml, lem/lem' and their reciprocal hybrids, all of which were artificially changed from hibernating to nonhibernating eggs by immersion in hot diluted hydrochloric acid. Eggs laid by normal moths show immediate enzyme activity although it is weaker than in the maternal body before egg laying. It becomes stronger one day after the eggs were laid, and this condition continues for several days; further activity was observed with approaching hatching. On the contrary, in the lemon eggs (lem/lem, lem/lem') enzyme activity was scarcely recognized from the moment of egg-laying to hatching (Fig. 5) .
In eggs of the cross +lem x lem, almost the same enzyme activity could be observed as in a normal strain (Fig. 5) . In the eggs of the reciprocal cross, lemX +1e'm, enzyme activity was scarcely observed for 30-40 hours after they were laid at the room temperature of 23-25°C but it appeared later. Although the activity increases with the period of incubation, it is always weaker than in the eggs of the cross +Eena x lem. The same condition was observed even in young larvae immediately after hatching (Fig. 5) .
A very similar maternal effect of +lem on pterine reductase could be observed in the reciprocal crosses between +`e9"llemi and lem/lem'.
Mutual transplantation of ovaries between normal and lemon larvae
At the 2nd and 3rd day of the fifth instar all of the left and right ovaries were As shown in Table 4 , out of 98 larvae which were used in ovarian transplantation from lemon to normal 10 imagoes were obtained. developed. It seems that the enzyme or its components are transmitted through body fluid from the tissues of the host to the eggs developing in the transplanted ovaries.
Discussion
According to Aruga and Kawase (1954) xanthopterin-B from Bombyx mori can be separated into two components, xanthopterin B-I and B-II, on a paperchromatogram developed by a few inorganic solvents. The yellow pigment described in the present paper seems to be the same as their xanthopterin B-I. They also reported an enzymelike substance acting on xanthopterin B-I, though its structure was not known at that time. It was probably pterine reductase acting on the yellow pigment.
Maternal effects of the type associated with +le-occur in many organisms. They are due to predetermination by the mother, so that the progeny reflects her genetic constitution, even if it has a different genotype. However, this effect does not persist beyond one generation, because maternally influenced progeny has typically mutant offspring. This phenomenon is interpreted as being caused by a substance which the mother passes to her progeny; the lack of persistence beyond one generation indicates that this compound is not synthesized in the maternally-affected mutant, and is diluted out or used up during protoplasmic growth.
An example of this type of maternal influence was found in the sinistral and dextral coiling in snails (Boycott et al. 1930) , several egg color mutants and voltinism mutants of Bombyx (Kikkawa 1953; Watanabe 1918, '19) , a mutant of Ephestia (Caspari 1933) , light eye color mutant (Beadle 1937) and vermilon eye color mutant of Drosophila melanogaster (Graf 1957) . In those examples, however, only little has been known about the maternal effect of the gene on the enzyme. Glassman and Mitchell (1959) who studied a mutant of Drosophila deficient in xanthine dehydrogenase suggested that the ma-l+/ma-l females are passing a substance which is not produced in ma-l flies but can be transmitted by this mutant to the progeny with egg cytoplasm. They presumed that this substance may be a precursor of xanthine dehydrogenase.
We succeeded in showing a clear-cut maternal effect of +dem on pterine reductase in the silkworm. It is inferred from our experimental results of mutual transplantation of ovaries between normal and mutant strains that the enzyme (or enzyme constituents) in the egg cells may be supplied by the cells of the maternal host through body fluid. In our previous paper we concluded that the relative amounts of isoxanthopterin and yellow pigment in the eggs of the transplanted ovaries are controlled by the geneotype of the maternal host (Tsujita and Sakaguchi 1956) . It seems probable from the present experimental results that the change of the relative amounts of the two kinds of pterine compounds in the eggs of the transplanted ovaries is determined by the presence or absence of pterine reductase activity in the eggs which had developed under the influence of the female host.
In Drosophila similar experiments were carried out by Hadorn, Graf and Ursprung (1958) . An ry testis, implanted in normal female or male larvae, contained after metamorphosis the same quantity of isoxanthopterin as a control implant of ry+ geno-type. On the other hand, an ry+ testis was not able to form any isoxanthopterin when it had developed within an ry host. It was proved that 2-amino-4-hydroxypteridine, the direct precursor of isoxanthopterin, was present in ry as well as in ry+ testes and that in the testes which did not contain isoxanthopterin the precursor accumulated to abnormally high levels. The authors concluded, therefore, that xanthine oxidase may be provided by other tissues of the host such as the Malpighian tubes or adipose tissue.
In the silkworm, the following relationship was established between the presence or absence of the enzyme and the stage of which homozygotes for lem' die. When these homozygotes develop from the beginning in the presence of the enzyme, they become normal black young larvae and they are able to hatch out by chewing the egg chorion. However, when they develop in the absence of enzyme activity they become yellowish brown young larvae and can not hatch out owing to incomplete differentiation and insufficient hardening of their mandible cuticle.
It may be safely said that the enzyme activity is directly controlled by the genes +11-, lem and lemt. Although the yellow pigments are accumulated in the hypodermis of the lemon or of the lethal lemon mutants, this accumulation itself is not the direct cause of death of the lethal lemon larvae.
Abnormalities in several metabolic processes, such as melanin and purine metabolism, and in the differentiation of, among others, the cuticular layer of the hypodermis, could be observed in lethal lemon larvae (Sakaguchi and Tsujita 1959) . Therefore, the present problem is to make clear why defective pterine metabolism due to the lack of pterine reductase results in a number of metabolic abnormalities.
A posssible hypothesis is as follows. Since hydropterin and hydro-folic acid have similar structures and, according to Kaufman (1955) , may have a similar biological significance, it seems probable that hydropterin like hydro-folic acid plays an important role such as participation in a certain oxidationreduction system which is necessary for several other metabolic reactions and that in the lethal lemon larvae several metabolic abnormalities could be induced by a disturbance of this system. Experiments to test this hypothesis are now under way. Summary 1. In the pteridine metabolism of the silkworm, pteridine reductase acts specifically on the reaction step leading from dihydropterin to tetrahydropterin. 2. The enzyme activity of the several tissues was examined in normal animals and in the mutants, lem and lemt. In the integument of normal larvae the enzyme activity is strong but in that of the lemon larvae it is weak to very weak. Moreover, the integument of the lethal lemon larvae almost completely lacks this enzyme. 3. In the reciprocal crosses between the +t-'n/lemt individuals and the lem/lemt individuals the maternal effect of the gene +'e'n on pterine reductase could be demonstrated.
4. It is inferred from the experimental results of mutual transplantation of ovaries between normal and lemon larvae that the enzyme activity of the eggs is not deter-mined9by the genotype of the eggs but by that of the female in whose body the eggs develop.
5. The maternal effect of +tem on the stage of death of the lethal yellow larvae is discussed.
